Key Summary Points {#FPar1}
==================

Epidemiological studies and clinical observations suggest that the incidence of diabetic macular edema (DME) in patients with severe PDR is up to 70%, which is one of the main causes of visual loss and even blindness in patients with DRThe treatment of DME mainly includes laser photocoagulation, glucocorticoid or anti-VEGF drug intravitreal injection therapy and vitreous surgery. However, pan-retinal photocoagulation (PRP) can result in limited peripheral vision, decreased night version and aggravate diabetic macular edemaBoth glucocorticoids and anti-VEGF drugs can rapidly reduce macular edema (ME) and improve the visual function, but they all have a short duration of action and require repeated injectionsConsequently, PPV with ILM peeling has been applied in the surgical treatment of fundus diseases, especially in macular hole (MH), ME, macular epiretinal membrane, retinal splitting and other tractive macular diseases. However, the efficacy of vitrectomy combined with internal limiting membrane stripping in the treatment of PDR with DME has rarely been reportedThe purpose of this study was to evaluate the efficacy of preoperative intravitreal injection of ranibizumab combined with vitrectomy with internal limiting membrane peeling for macular edema on diabetic macular edema in severe proliferative diabetic retinopathy

Introduction {#Sec1}
============

Proliferative diabetic retinopathy (PDR) is a common complication of diabetes mellitus (DM), often resulting in visual impairment due to serious complications (e.g. neovascularization, vitreous haemorrhage and traction retinal detachment) \[[@CR1]\]. The incidence of diabetic macular edema (DME) in patients with severe PDR is up to 70%, and DME is one of the main causes of visual loss and even blindness in patients with DR \[[@CR2]\].

The treatment for DME mainly includes laser photocoagulation, glucocorticoid or anti-vascular endothelial growth factor (VEGF) drug intravitreal injection therapy and vitreous surgery \[[@CR3]--[@CR5]\]. However, pan-retinal photocoagulation (PRP) can result in limited peripheral vision, decreased night version and aggravated DME \[[@CR6]\]. Some patients with PDR who are treated with laser photocoagulation have poor visual acuity.

Both glucocorticoids and anti-VEGF drugs can rapidly reduce macular edema (ME) by reducing the leakage of vascular permeability and inflammatory factors and improve visual function, but they all have a short duration of action and require repeated injections \[[@CR5], [@CR7]\]. Therefore, when DME occurs in late PDR and is accompanied by neovascularization, vitreous haemorrhage, preretinal proliferative membrane and tractive retinal detachment, vitrectomy may be the most effective treatment to prevent further deterioration of the disease. However, simple vitrectomy does not completely eliminate macular edema, and a residual inner limiting membrane (ILM) remains after surgery \[[@CR8]\]. Under pathological conditions, the ILM can be used as a scaffold for the proliferation of fibrocytes and pigment cells, it adheres closely to the posterior cortex of the vitreous and then participates in the pathological process of macular diseases such as cystoid macular edema, macular hole (MH) and anterior macular membranes. Peeling away the ILM can not only relax the adhesions of the macula of the vitreous and completely relieve the traction of the posterior boundary membrane of the vitreous on the macula but also reduce the adhesion of VEGF, inflammatory factors and other related vasoactive factors and reduce the recurrence rate of vitreous macular interface disease. Consequently, PPV with ILM peeling has been applied in the surgical treatment of fundus diseases, especially in MHs, ME, macular epiretinal membranes, retinal splitting and other tractive macular diseases \[[@CR9]\]. The need for combined ILM peeling in patients with DME, however, is currently controversial. A large number of studies have shown that vitrectomy combined with internal membrane peeling is conducive to the recovery of macular edema and improved vision \[[@CR10]\]. For simple vitrectomy or vitrectomy with internal limiting membrane peeling, it is impossible to determine the macular state before surgery because of the complexity of the fundus in patients with PDR, such as those with severe vitreous haemorrhage or tractional retinal detachment. This makes vitrectomy more challenging. Intraoperative bleeding often occurs during the process of removing fibrous neovascularization membranes, thus affecting the surgical visual field, increasing intraoperative and postoperative complications and ultimately failing to improve visual acuity \[[@CR11]\]. In recent years, a large number of studies have shown that preoperative pretreatment with anti-VEGF drugs can reduce intraoperative bleeding, iatrogenic retinal tears and postoperative early bleeding \[[@CR12]\]. Ranibizumab is a human monoclonal antibody against the Fab segment of VEGF that inhibits the activation of the VEGFA subtype. Ranibizumab injection before vitrectomy has been reported as an adjuvant therapy for severe PDR \[[@CR13]\]. However, the efficacy of vitrectomy combined with internal limiting membrane stripping in the treatment of PDR with DME has rarely been reported. The purpose of this study was to evaluate the efficacy of preoperative intravitreal injection of ranibizumab combined with vitrectomy with internal limiting membrane peeling for macular edema on diabetic macular edema in severe proliferative diabetic retinopathy.

Methods {#Sec2}
=======

Study Design {#Sec3}
------------

This was a retrospective, comparative and non-randomized study, in line with the principles of the Helsinki Declaration, and was approved by the Ethics Committee of the First Affiliated Hospital of Shenyang, China Medical University. We reviewed the medical notes of 63 patients with PDR who underwent vitrectomy with or without pretreatment as a result of non-absorbent VH between January 2013 and December 2015 and who completed at least 6 months of follow-up. Patients were divided into the IVR group and the control group according to whether an intravitreal injection of ranibizumab (IVR) was administered before surgery. In the control group, 32 patients received vitrectomy only from January 2013 to December 2014; 31 patients in the IVR group underwent vitrectomy from January 2015 to December 2015. Pre-IVR pretreatment, all participants signed an informed consent form explaining the benefits and risks prior to surgery.

Participants {#Sec4}
------------

All patients underwent a comprehensive examination with the best-corrected visual acuity (BCVA), intraocular pressure (IOP), B-ultrasound, slit lamp biomicroscopy and 90D Non-Contact Slit Lamp Lens. During follow-up, macular edema was measured by fundus photography, optical coherence tomography and fluorescein angiography (FFA).

The inclusion criteria were as follows: (1) patients with PDR and moderate vitreous haemorrhage (only disc faintly visible) and severe haemorrhage (no fundus view) was selected as the study object; (2) patients with type 2 diabetes aged at least 50 years old (according to the American Diabetes Association or World Health Organization guidelines) and preoperative haemoglobin A1c at most 10%; (3) non-clearing vitreous haemorrhage within 1 month secondary to PDR; (4) the diagnosis of macular edema dependent on the presence of apparent retinal thickening or lipids in the posterior pole seen by the surgeon during vitrectomy. The severity was classified on the basis of the International Clinical Diabetic Retinopathy and Diabetic Macular Edema Disease Severity Scales \[[@CR14]\]: mild---partial retinal thickening or hard posterior pole exudation but away from the centre of the macula; moderate---retinal thickening or hard exudation close to the centre of the macula but not involved in the centre; and severe---thickening of the retina or hard exudate involving the centre of the macula; (5) during the follow-up period, the DME severity grading standard was examined by fundus photography and FFA: (1) no obvious DME---no obvious retinal thickening or hard exudation at the posterior pole; (2) mild DME---thickening or hard exudation of the retina in the posterior pole away from the centre of the macula; (3) moderate DME---retinal thickening or hard exudation near but not involving the macular centre; and (4) severe DME---retinal thickening or hard exudation involving the macular centre. The exclusion criteria included (1) history of vitrectomy, other intraocular surgery and ocular trauma; (2) complete PVD and an anterior macular membrane; (3) retinal detachment traction (tractive, rhegmatogenous or exudative), macular disease secondary to the outer membrane of the retina, retinal vein occlusion, optic neuropathy and other serious eye diseases; (4) history of laser or anti-VEGF injection; (5) DM accompanied by severe cardiovascular and cerebrovascular diseases, abnormal liver or kidney function and other systemic diseases; (6) coexisting ocular disease caused by macular edema (e.g. branch vein occlusion or central retinal occlusion); and (7) follow-up period less than 6 months.

Treatment Protocol {#Sec5}
------------------

One surgeon (Na Cai) with over 20 years of experience in posterior segment surgery performed all injections and surgeries. Patients in the IVR group were intravitreally injected with ranibizumab (0.5 mg/0.05 ml) 3 days before PPV and stripped. Ranibizumab was aspirated into a 1-ml syringe and injected into the vitreous cavity through a 30-gauge needle \[[@CR15]\]. All patients underwent standard three-hole 20-gauge pars plana vitrectomy (PPV). The procedures included the removal of the anterior and central vitreous and the vitreous cortex; detachment of the posterior hyaloid created by suction with the vitrectomy instrument; the removal of proliferative membranes with intraocular forceps; endodiathermy or increased infusion pressure used to stop intraoperative bleeding; and ILM peeling performed with ILM forceps by using a continuous curvilinear capsulorhexis technique without staining of the ILM. The ILM was moved and extended approximately 6-disc diameters horizontally and from the upper arcade to the lower arcade vertically around the fovea. All patients underwent intra-retinal laser photocoagulation. All phacoemulsification procedures were performed with phacoemulsification, and intraocular lenses were implanted to avoid the development of cataracts. Finally, C~3~F~8~ gas or silicone oil (SO) was used when needed at the end of the operation. Subconjunctival injections of dexamethasone (2 mg), topical antibiotics and corticosteroid drops were administered postoperatively.

Study Assessment {#Sec6}
----------------

The primary outcome measures after vitrectomy included the BCVA, comparison of visual acuity improvement, and CMT. The secondary outcome measures included intraoperative bleeding, required internal diathermy frequency, need for tamponade, operative time, number of iatrogenic retinal breaks, and postoperative complications.

To compare the similarities between the two groups, we scored vitreous haemorrhage from 0 to 3 \[[@CR16]\], (0---none, clear field of view; 1---mild, visible fundus details but difficult to assess retinal nerve fibre layers or small blood vessels; 2---moderate, only the intervertebral disc was faintly visible; and 3---severe, fundus details were invisible). The severity of intraoperative bleeding was defined as follows: mild bleeding, spontaneous or stopped with a litre bottle; severe bleeding, covering half or more of the posterior pole, required intra-arterial diathermy treatment \[[@CR17]\]. We considered recurrent vitreous haemorrhage (VH) as grade 1 or higher VH occurring more than 1 week after surgery. If the incidence rate was 4 weeks or less, it was considered early recurrent VH; otherwise, it was considered late recurrent VH \[[@CR18]\].

Statistical Analysis {#Sec7}
--------------------

The baseline characteristics of patients were collected and analysed using SPSS version 22 (IBM, Armonk, NY, USA). The Snellen visual acuity was converted to logarithm of the minimum angle of resolution (logMAR) units for statistical analyses. Student's *t* test was used for pairwise comparisons of age, duration of diabetes, BCVA, IOP, CMT and mean surgical time between the two groups. The results are presented as the mean and standard deviation. The chi-square test or Fisher's exact test was used to analyse differences in sex, intraoperative bleeding, the incidence of iatrogenic retinal breaks, the use of endodiathermy and SO endotamponade, vitreous haemorrhage score and grade of ME. One-way analysis of variance (ANOVA) was used to evaluate BCVA at follow-up and baseline stages. *P* \< 0.05 was set for statistical significance. Improvement or reduction in BCVA was defined as two or more change lines; otherwise, BCVA was defined as unchanged. The Mann--Whitney *U* test was used to determine whether there was a significant difference in visual improvement between the two groups.

Results {#Sec8}
=======

Basic Characteristics {#Sec9}
---------------------

The characteristics of the patients are shown in Table [1](#Tab1){ref-type="table"}. Sixty-three eyes from 63 patients were studied. There was no significant difference in sex, age, duration of diabetes, preoperative BCVA, intraocular pressure, vitreous haemorrhage score or grade of ME between the groups.Table 1Baseline characteristics of patientsControl group (*n* = 32)IVR group (*n* = 31)*P* valueSex Male (%)15 (46.87%)15 (48.39%)0.90 Female (%)17 (53.13%)16 (51.61%)Age ( years) Mean (SD)59.47 ± 3.5658.87 ± 3.020.48Duration of diabetes (years) Mean (SD)16.16 ± 2.4016.48 ± 2.190.57Mean BCVA (logMAR) Mean (SD)1.52 ± 0.511.56 ± 0.620.76IOP (mmHg) Mean (SD)15.69 ± 2.0916.65 ± 2.500.10Vitreous haemorrhage score0.71 Modern18 (56.25%)16 (51.61%) Sever14 (43.75%)15 (48.39%)Grade of macular edema0.88 Mild3 (9.38%)2 (6.45%) Moderate15 (46.88%)16 (51.61%) Sever14 (43.75%)13 (41.94%)

Main Results {#Sec10}
------------

The logMAR BCVA levels were analysed during the follow-up. In the IVR group, the logMAR BCVA level 1 month, 3 months and 6 months after surgery was higher than that before surgery (*P* \< 0.01). The logMAR BCVA of the control group was more significantly improved at 3 and 6 months after surgery than that before surgery (*P* \< 0.01). However, there was no statistically significant difference at 1 month compared with the preoperative BCVA. At 1 month and 3 months after surgery, the logMAR BCVA of the IVR group was superior to that of the control group (*t* = 10.94, *t* = 7.93, *P* \< 0.001). There was no significant difference in logMAR BCVA between the two groups 6 months postoperatively (*t* = 1.32, *P* \> 0.05) (Table [2](#Tab2){ref-type="table"}).Table2Change in logMAR BCVA between two groups ($\documentclass[12pt]{minimal}
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                \begin{document}$$\overline{x} \pm s$$\end{document}$)Control group (*n* = 32)IVR group (*n* = 31)*P*Preoperative1.52 ± 0.511.56 ± 0.62\> 0.051 month follow-up1.43 ± 0.410.59 ± 0.11\*\< 0.0013 months follow-up0.58 ± 0.07\*0.40 ± 0.11\*\< 0.0016 months follow-up0.41 ± 0.10\*0.38 ± 0.13\*\> 0.05\*Standing for the comparison of every group with its value before operation *P* \< 0.01

Table [3](#Tab3){ref-type="table"} shows visual acuity improvement after operation in the two groups. There was a significant difference in visual acuity improvement between the two groups. At 6 months after surgery, nine patients (28.13%) had improved visual acuity, two had decreased visual acuity (6.25%) and 21 (65.63%) had no significant change in visual acuity in the control group. In the IVR group, 21 (67.74%) patients had improved visual acuity, 10 of 31 eyes (32.26%) had no change, and the visual acuity did not decrease (*χ*^2^ = 10.69, *P* \< 0.01).Table 3Postoperative visual acuity improvement between the two groups (eye %)IogMAR BCVAControl group (*n* = 32)IVR group (*n* = 31)Improved9 (28.13%)21 (67.74%)No change21 (65.63%)10 (32.26%)Decreased2 (6.25%)0 (0.0%)

The average CMT of the IVR group was significantly lower than that of the control group 1 month and 3 months after the operation (*t* = 5.60, *t* = 6.15, *P* \< 0.01). There was no significant difference between the two groups in the mean CMT 6 months after the operation (*t* = 0.66, *P* \> 0.05) (Table [4](#Tab4){ref-type="table"}).Table 4Postoperative CMT findings between two groupsControl group (*n* = 32)IVR group (*n* = 31)*P*1 month follow-up380.84 ± 75.65289.68 ± 50.73\< 0.013 months follow-up335.06 ± 53.57266.23 ± 32.33\< 0.016 months follow-up260.50 ± 27.81255.71 ± 30.17\> 0.05

Table [5](#Tab5){ref-type="table"} summarizes the secondary outcomes of the procedure. Endothermy treatment was used in two eyes (6.45%) in the IVR group. However, the incidence of intraoperative bleeding was 12 (37.50%) in the control group, and 12 eyes (37.50%) required endovascular treatment. There were significant differences between the two groups in the severity of bleeding control and the use of endothermia (*χ*^2^ = 5.03, *P* \< 0.05, *χ*^2^ = 8.78, *P* \< 0.01). There were 21 cases (65.63%) of iatrogenic retinal rupture in the control group and three cases (9.68%) of iatrogenic retinal rupture in the IVR group, the difference was statistically significant (*χ*^2^ = 20.90, *P* \< 0.001). In addition, the rate of silicone oil tamponade in the IVR group (12.90%) was lower than that in the control group (40.63%), the difference was statistically significant (*χ*^2^ = 6.14, *P* \< 0.05). The mean total surgical time was shorter in the IVR group (92.60 ± 9.65 min) than in the control group (135.41 ± 42.39 min) (*t* = 5.53, *P* \< 0.01). These results suggest that intravitreal ranibizumab pretreatment for PPV in patients with PDR reduces the difficulty of the operation and the incidence of intraoperative complications \[[@CR19]\].Table 5Intraoperative parameters between two groupsParametersControl group (*n* = 32)IVR group (*n* = 31)*P*Duration of vitrectomy Mean (SD)135.41 ± 42.3992.60 ± 9.65\< 0.01 Intraoperative bleeding12 (37.50%)4 (12.90%)\< 0.05 Iatrogenic retinal breaks21 (65.63%)3 (9.68%)\< 0.001 Endodiathermy applications 12 (37.50%)12 (37.50%)2 (6.45%)\< 0.01 Silicone oil tamponade13 (40.63%)4 (12.90%)\< 0.05

Postoperative Complications and Adverse Events {#Sec11}
----------------------------------------------

During the follow-up period, transient intraocular hypertension occurred in three eyes (9.38%) of 32 eyes in the control group. Among the 31 eyes in the IVR group, transient intraocular hypertension (9.68%) occurred in three eyes. Intraocular pressure (IOP) elevation was defined as intraocular pressure greater than 25 mmHg on the first postoperative day. If the IOP was elevated, the subject was observed until the IOP dropped to 25 mmHg or lower. Three patients received IOP-lowering drugs. IOP in all patients fell to the normal range within 1 week. Mild recurrent VH with visible fundus details but with difficulty evaluating the retina nerve fibre layer or small vessels occurred in two eyes (6.25%) in the control group and one eye (3.23%) in the IVR group at the 2-week follow-up. Patients were required to control blood sugar and orally take Chinese medicine (He Xue Ming Mu tablets). After 2 weeks, vitreous haemorrhage was completely absorbed. At the end of follow-up, no recurrence of macular epiretinal membrane, ME, serious complications, endophthalmitis or allergic reactions was observed in either group. There was no significant difference in transient IOP or vitreous haemorrhage between the two groups.

Discussion {#Sec12}
==========

Studies have confirmed the efficacy of vitrectomy with ILM peeling in the treatment of DME \[[@CR20], [@CR21]\]. However, whether the removal of the ILM can resolve macular edema and improve vision remains controversial. Yamamoto et al. revealed that ILM peeling did not reduce macular edema \[[@CR8]\]. A study investigated 42 cases of non-tractional DME and found that vitrectomy with ILM peeling promoted the absorption of tractive macular edema and improved VA \[[@CR22]\]. Our data demonstrated that BCVA was significantly higher in the control group and the IVR group than in the preoperative period, especially 3 months and 6 months after surgery. Vitrectomy combined with ILM improved visual acuity in patients with severe PDR with macular edema, consistent with previous studies. However, BCVA was not statistically significant 1 month after vitrectomy in the control group. One reason for this result may be that inflammation in patients with diabetes mellitus is more evident than that in normal people, affecting the absorption of retinal edema. Inflammatory exudation can also aggravate the opacity of the refractive interstitium. On the other hand, silicone oil tamponade in the vitreous cavity in the control group was greater than that in the IVR group. The effect of silicone oil refractive factors may be another cause of poor visual acuity in the early postoperative period. In contrast, the IVR group demonstrated more significant visual acuity improvements at 1 and 3 months; however, the improvement at 6 months between the two groups was not statistically significant. Some cytokines, including inflammatory cytokines, are involved in the pathogenesis of diabetic macular edema. Intraocular cytokines and VEGF levels are elevated in patients with DME and proliferative DR. VEGF inhibition improves vision and reduces macular edema in patients with DME \[[@CR23], [@CR24]\]. In the IVR group, preoperative intravitreal injection of ranibizumab pretreatment reduced intraocular VEGF levels and various inflammatory cytokine concentrations. The half-life of ranibizumab is estimated to be 9 days in the vitreous \[[@CR25]\]. Although the majority of ranibizumab in the pretreated vitreous may be removed with vitrectomy, the remaining retina may still be functional \[[@CR26]\]. Local factors partly contributed to the improvements in VA and DME in the early stage after surgery. In addition, VEGFR2 had anti-neovascularization activity, and the expression of VEGFR2 increased after ranibizumab treatment. The upregulation of VEGFR2 may contribute to the inhibition of macular edema by anti-vascular endothelial growth factor \[[@CR27]\]. This is in accordance with the improvement in VA and the decrease in macular edema in the IVR group compared with the control group 1 and 3 months after surgery. CMT in the IVR group was significantly different from that in the control group 1 and 3 months after surgery and then decreased slowly. The trend of change was consistent with that of BCVA after the operation. At the last follow-up of 6 months, the results showed that the improvement in VA in the IVR group was significantly better than that in the control group. We consider the following mechanisms explaining the difference in visual rehabilitation between the two groups: preoperative pretreatment with ranibizumab in the IVR group could produce most of the retinal neovascularization atrophy, and neovascularization membrane fibrosis atrophy in the fundus retina and in front of the optic disc, effectively reducing the amount of bleeding and the number of electrocoagulation events. Patients with PDR and traction retinal detachment undergo PPV surgery because the retina is extremely thin, and iatrogenic holes easily appear when the proliferative membrane is removed. However, intravitreal injection of ranibizumab can reduce the permeability of blood vessels, reduce the edema of the retina and enhance the anti-pulling ability of the retina to a certain extent. At the same time, the proliferative membrane becomes thinner, the membrane tissue becomes layered and loose, and the adhesion becomes poor between the proliferative membrane and the retina, which reduces the difficulty of dissociation of the proliferative membrane and reduces the generation of iatrogenic holes. Intravitreal injection of ranibizumab can decrease the bleeding rate during the operation, which can provide a clear visual field during the operation, increase the visibility of the retina, simplify the operation, reduce the difficulty of the operation and greatly shorten the operation time. Surgical operation or surgical trauma may affect macular physiological function. It may play a role in reducing the effect of diabetic macular edema. Many researchers have shown that IVR can decrease diabetic macular edema and improve visual acuity \[[@CR28]\].

The limitations of our study are its retrospective nature, the small sample number and the short follow-up period. Studies with larger sample sizes are required to further evaluate the efficacy and safety of IVR treatment in vitrectomy with ILM peeling in severe PDR combined with DME in the longer term.

Conclusions {#Sec13}
===========

IVR pretreatment before vitrectomy with ILM peeling and simple vitrectomy with ILM peeling can improve visual function of eyes with severe PDR macular edema. However, IVR treatment before vitrectomy with ILM peeling is more effective in improving VA, especially in visual rehabilitation after surgery by reducing macular edema, and reducing intraoperative and postoperative complications than vitrectomy with ILM peeling alone. It is an effective method for treating severe PDR with macular edema.
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